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ABSTRACT
We study the spectrophotometric properties of a highly magnified (µ ' 40−70) pair of stellar systems
identified at z=3.2222 behind the Hubble Frontier Field galaxy cluster MACS J0416. Five multiple
images (out of six) have been spectroscopically confirmed by means of VLT/MUSE and VLT/X-
Shooter observations. Each image includes two faint (mUV ' 30.6), young (. 100 Myr), low-mass
(< 107M), low-metallicity (12+Log(O/H)'7.7, or 1/10 solar) and compact (30 pc effective radius)
stellar systems separated by ' 300 pc, after correcting for lensing amplification. We measured several
rest-frame ultraviolet and optical narrow (σv . 25 km s−1) high-ionization lines. These features may
be the signature of very hot (T > 50000 K) stars within dense stellar clusters, whose dynamical
mass is likely dominated by the stellar component. Remarkably, the ultraviolet metal lines are not
accompanied by Lyα emission (e.g., Civ / Lyα > 15), despite the fact that the Lyα line flux is expected
to be 150 times brighter (inferred from the Hβ flux). A spatially-offset, strongly-magnified (µ > 50)
Lyα emission with a spatial extent . 7.6 kpc2 is instead identified 2 kpc away from the system. The
origin of such a faint emission can be the result of fluorescent Lyα induced by a transverse leakage
of ionizing radiation emerging from the stellar systems and/or can be associated to an underlying
and barely detected object (with mUV > 34 de-lensed). This is the first confirmed metal-line emitter
at such low-luminosity and redshift without Lyα emission, suggesting that, at least in some cases, a
non-uniform covering factor of the neutral gas might hamper the Lyα detection.
Subject headings: cosmology: observations — galaxies: formation
1. INTRODUCTION
The investigation of the ionizing properties of young,
low mass star-forming systems caught at z ' 3, i.e.,
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nearly 1 Gyr after reionization ended and the possible
analogy with similar systems identified during reioniza-
tion (z > 6) represents today a strategic line of research,
especially at poorly explored, low-luminosity regimes
(e.g., Amor´ın et al. 2017). The detection of nebular high
ionization emission lines has underscored the consider-
able contribution of hot and massive stars to the trans-
parency of the medium in low-luminosity (L << L∗) sys-
tems (Vanzella et al. 2016a), as expected in scenarios in
which stellar winds and supernova explosions blow cavi-
ties in the interstellar medium (e.g., Jaskot & Oey 2013;
Micheva et al. 2017). In fact, the rest-frame ultraviolet
and optical line ratios observed in z ' 0, z = 2 − 3 and
z > 6 galaxies suggest a possible evolution of the ionizing
radiation field, such that at high redshift the presence of
hot stars seems more common, with blackbody mean ef-
fective temperatures of the order of 50.000–60.000 K at
z = 2−3 (Fosbury et al. 2003; Steidel et al. 2014; Holden
et al. 2016), or even hotter at z > 6 (Stark et al. 2015;
Mainali et al. 2017).
Moreover, in very recent times, strong gravitational lens-
ing has often been used to investigate the physical prop-
erties of such intrinsically faint, low-mass systems. Its
use is now reaching its maturity thanks to dedicated deep
imaging studies in lensed fields (e.g., the Hubble Frontier
Fields program, HFF hereafter, Lotz et al. 2014, 2016;
Koekemoer et al. 2014), as performed on 3 < z < 8
dropout galaxies (e.g., Bouwens et al. 2017) and spec-
troscopic surveys (e.g., Vanzella et al. 2014; Stark et al.
2014; Karman et al. 2017; Caminha et al. 2016c; Stark
et al. 2017; Mainali et al. 2017; Vanzella et al. 2016a,
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2017b). In this regard, the exceptional line flux sensi-
tivity of the integral field spectrograph MUSE mounted
on the VLT (Bacon et al. 2010)17 has driven consider-
able progress. In fact, MUSE allows the identification
and characterization of extremely faint (and small) line
emitters at 3 < z < 6.6, without the need of specific
pre-selection of the targets in a relatively large field of
view (1′×1′), aptly matching strongly magnified regions
of the sky. In these investigations, strong lensing turned
out to be essential for two reasons: (1) before the comple-
tion of the Extremely Large Telescope (ELT), it is not
possible to spatially resolve sources with effective radii
lower than 150 pc (< 20mas) at z > 3 in non-lensed
fields. Conversely, galaxy cluster lensing has already en-
abled us to perform light profile fitting of dwarf and super
star-clusters with radii 15− 100 pc at 3 < z < 6.5 (e.g.,
Vanzella et al. 2016a, 2017b; Bouwens et al. 2017); (2)
the increased S/N of the SEDs and emission lines allows
us to access the physical properties down to (intrinsic)
magnitudes m > 29 and line fluxes of > 5 − 10 × 10−20
cgs.
MUSE observations on HFFs are leading us to the con-
struction of a reference sample at z < 4 of faint, star-
forming compact analogues of the systems active dur-
ing cosmic reionization. Such a task is particularly im-
portant, given the imminent launch of the James Webb
Space Telescope (JWST), whose primary aim is to cap-
ture the first episodes of star formation at z > 6.
At z ' 2 − 3 the optical rest-frame is accessible
from ground-based spectrographs and a large number
of strongly lensed systems have been identified (e.g.,
Alavi et al. 2016; Caminha et al. 2016a,c,b; Karman
et al. 2017), allowing us to probe spectroscopically ex-
tremely low-luminosity and small mass regimes with un-
precedented detail (e.g., Christensen et al. 2012; Stark et
al. 2014; Vanzella et al. 2016a). Some of these systems
have already provided a valuable insight of the physical
conditions characterising newborn, highly-ionized, dwarf
galaxies (e.g., Vanzella et al. 2016a,b) and extremely
compact star clusters, presenting features very similar
to those expected during the formation of globular clus-
ters (Vanzella et al. 2017b). A new intriguing system of
this kind is that discussed here, i.e., a strongly lensed
system at z = 3.2222 which shows high ionization lines
detected behind the HFF galaxy cluster MACS J0416
(Caminha et al. 2016c). Beside its compactness and
its extreme faintness, the distinguishing feature of this
system is the presence of strong ionization lines which
contrasts with the absence of Lyα emission. These fea-
tures are very rare among known local and distant star-
forming systems (e.g., Stark et al. 2014, 2015; Henry et
al. 2015; Mainali et al. 2017; Shibuya et al. 2017; Smit
et al. 2017). The intriguing nature of our system and
of its ionization structure provides us with an insightful
example of the geometrical complexity of high-redshift
young, ionized systems. The energy and the momentum
continuously deposited by massive, young stellar associ-
ations can lead to puzzling structures such as our object,
which also represents a valuable benchmark for interstel-
lar photo-ionization models.
In this work, we use the Hubble Frontier Fields HST-
17 www.eso.org/sci/facilities/develop/instruments/muse.html
dataset18, in particular three optical and four near-
infrared bands: F435W, F606W, F814W (HST/ACS)
and F105W, F125W, F140W and F160W (HST/WFC3),
with typical limiting AB magnitudes 28.5 - 29.0 calcu-
lated at 5σ depth. In addition to the seven HST bands,
the publicly available Hawk-I@VLT Ks band and the
Spitzer/IRAC 3.6 and 4.6 µm data have also been in-
cluded (the description of the data-set, the extraction
of the PSF-matched photometry and the construction of
the photometric catalog are provided in Castellano et al.
2016b and Merlin et al. 2016).
This paper is organized as follows. In Sect. 2, a brief
description of the multiple-image magnification pattern
of our system is presented. Our main results are pre-
sented in Sect. 3, and discussed in Sect. 4. Finally, in
Sect. 5 some conclusions are drawn.
Throughout the paper, we assume a flat cosmology
with ΩM= 0.3, ΩΛ= 0.7 and H0 = 70 km s
−1 Mpc−1.
2. ID14, A DOUBLE LENSED SYSTEM
The source ID14 is multiply imaged by the cluster
MACS J0416 into three images separated by up to 50′′.
The location of these three images is given in the right
panel of Figure 1 by the three yellow circles labelled Im-
age1, Image2, and Image3. Image1 happens to be close
to a pair of elliptical cluster members, indicated as E1
and E2 in the left panel of Figure 1. These galaxies act as
strong lenses, further splitting Image1 into the four im-
ages ID14a, ID14b, ID14c, and ID14d. For consistency,
in the following we will refer to Image2 and Image3 as
ID14e and ID14f, respectively.
This system was first discovered by Zitrin et al. (2013).
In each of the images, the source appears to consist of two
bright knots. This morphological marker, together with
the image geometry, allowed the first association of the
images to the same source. The two knots are labelled
“1” and “2” in Figure 1. As discussed in the next section,
the images ID14a,b,c,d are spectroscopically confirmed.
The association of Image3 with the sixth multiple image
of ID14 (namely ID14f) is corroborated by the lens model
recently presented by Caminha et al. (2016c), which pre-
dicts the presence of an image at this location within
1σ uncertainty, i.e., < 1′′. In addition, the photometric
redshift of ID14f is zphot = 3.32 ± 0.10 (see Figure 2),
which is fully consistent with the spectroscopic redshift
of ID14.19
For the analysis discussed in this paper, it is crucial
to estimate the magnification of the brightest images of
ID14, namely images a, b and c. For this goal, the lens
model by Caminha et al. (2016c) could in principle be
used. There are, however, two complications. The first
is that these images are located in a region of high mag-
nification. In a collaborative work which involved several
groups employing different lens modeling algorithms, and
among them the one used by Caminha et al. (2016c),
Meneghetti et al. (2017) recently showed that the model
magnifications in this regime are affected by large uncer-
tainties. For example, at µ > 10 the error on the local
magnification estimates is & 50%. This is due to the
18 www.stsci.edu/hst/campaigns/frontier-fields/HST-Survey
19 The photometric redshift is also reported in Castellano
et al. (2016b). In particular, an example of the best-fit
SED for ID14f is shown at following address http://astrodeep.u-
strasbg.fr/ff/?ffid=FF M0416CL&id=1141.
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Fig. 1.— Panel A: the HST color image of the galaxy cluster MACS J0416 showing the position of the three multiple images expected at
the redshift of ID14 generated by the galaxy cluster (“Image1”, “Image2” and “Image3”). “Image1” is further magnified by the elliptical
galaxy cluster members E1+E2 into four additional multiple images (ID14a,b,c,d). The left and right top insets show the F814W image
with and without the subtraction of the galaxies E1+E2. Each image of ID14 contains two further components, “1” and “2”. Magnitudes
correspond to the average values obtained from all the HST bands (except F435W). The other two multiple images “Image2” (ID14e)
and “Image3” (ID14f) are also shown in the insets (red dotted circles), where the black crosses mark the position predicted by the lens
model. All insets have a size of 3.3′′. Panel B: magnification map (µ, coded according to the greyscale bar on the right) derived from the
lens model by Caminha et al. (2016c): large magnifications are expected close to the critical lines, between “Image1” and “Image2” and
between ID14a,b and c.
Fig. 2.— The best-fit SED solution (blue template) compared to
the photometry (black points) for image ID14f. The photometric
redshift with its 1σ uncertainty is reported (see also Castellano et
al. 2016b). The inset shows the zoomed ID14f image in the F814W
band. The photometric black points includes both components
“1,2”.
strong magnification gradient near the critical lines. The
second complication is that images ID14a,b,c are the re-
sult of a galaxy-galaxy strong lensing event. Meneghetti
et al. (2017) also showed that the model uncertainties
increase near cluster members.
For these reasons, instead of reading the magnifi-
cations off the map derived from the Caminha et al.
(2016c) model, we opted to derive the magnifications of
ID14a,b,c using the same method employed in Vanzella
et al. (2016a, 2017b). Meneghetti et al. (2017) showed
that magnification estimates are significantly more ro-
bust if µ < 5. Using the lens model by Caminha et
al. (2016c), we estimate that the magnification of ID14f
is µ = 2.0 ± 0.1. This estimate is consistent with oth-
ers based on different models of MACS J0416, which we
obtained from the Hubble Frontier Field Magnification
calculator. If we assume that the model magnification of
this image is secure, we can then derive the magnifica-
tions of the other images by means of the measured flux
ratios.
ID14f is identified with the Astrodeep object #1411
(ID1411) (Castellano et al. 2016b; Merlin et al. 2016). It
is detected in the F814W, F105W, F125W, F140W and
F160W bands, with an average magnitude of 29.09±0.15
resulting from the sum of both components “1,2”. We
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Fig. 3.— Left panel: the multiple images ID14a,b,c,d are shown
in the F814W band. The morphological details of images ID14a
and ID14c are indicated by the black arrows and the zoomed inset
(for ID14c). The corresponding Galfit models of each component
are shown on the right side (the numbers indicate the magnifica-
tion, as derived in Sect. 2).
computed multi-band, PSF-matched photometry of im-
ages ID14a,b,c as described in Merlin et al. (2016), but
using the F814W band as detection image instead of
F160W. HST photometry has been measured from 30mas
pixel-scale images after subtracting the elliptical galax-
ies E1+E2 with Galfit (Peng et al. 2010). T-PHOT
v2.0 (Merlin et al. 2016) has been used to measure K
and IRAC photometry. An example of subtracted ellip-
ticals in the F814W-band is shown in Figure 1 (top-left
inset), where also the average magnitudes (over the five
HST bands) are quoted for each component. For exam-
ple, image ID14a is composed of two components “1,2”
with magnitudes 26.52 and 26.61, respectively. The to-
tal magnitude, combining the two components, is 25.81.
The total magnification for ID14a is therefore µ(ID14a)=
µ(ID14f) × (flux[ID14a]/flux[ID14f]) = 41±7. Similarly,
µ(ID14b)= 36±7 and ID14c.1 (the component “1” only)
is magnified by a factor 76 ± 10. The errors estimated
with this method are < 20%, despite the large magnifi-
cation regime. The de-lensed magnitude of ID14f(1+2)
is 29.84. Assuming a flux ratio of ∼ 1 between “1” and
“2” (as observed in images ID14a and b), the intrinsic
magnitude of each component is ' 30.60.
It is worth comparing the above values with those in-
ferred directly from the Caminha et al. model and other
independent models. The best estimates and the 1σ sta-
tistical errors from Caminha et al. for images ID14a(1)
and ID14a(2) are µ = 33+38−12 and µ = 23
+15
−6 , respec-
tively (µ = 29+64−17 and µ = 22
+34
−11 for ID14b1 and 2).
They change significantly if different and independent
lens models are applied.20 In particular, the magnifi-
cations of images ID14a(1) and ID14a(2) inferred from
eleven lens models span the interval 8 − 110 with me-
dians µ ' 30 − 40. Also the reported 1σ uncertainties
in each model are larger than 50%. The same happens
also for the other strongly magnified images, ID14b and
ID14c. The scatter among the various model predictions
is of the order of the predicted magnifications, suggest-
20 We used the Hubble Frontier Field Magnification calculator,
https://archive.stsci.edu/prepds/frontier/lensmodels/
Table 1. Observed spectral lines.
line/λvacuum [Fobs](
S
N
)(σv) [Fcorr](EW) Redshift
Lyα 1215.69 [0.24](2.5)(–) [0.09](' 1.1) [M] (3.226)
[Civ]λ1548.20 [2.18](20.0)(. 64) [0.87](16.9) [M] 3.222
[Civ]λ1550.78 [1.20](11.0)(. 64) [0.48](9.3) [M] 3.223
Heiiλ1640.42 [0.33](4.8)(< 38) [0.13](2.8) [M] 3.223
Oiii]λ1660.81 [0.48](5.4)(< 42) [0.19](4.3) [M] 3.222
Oiii]λ1666.15 [1.02](11.7)(< 42) [0.41](9.2) [M] 3.222
[Ciii]λ1906.68 [0.55](6.2)(< 42) [0.22](6.5) [M] 3.223
Ciii]λ1908.73 [0.45](5.1)(< 42) [0.18](5.3) [M] 3.222
[Oii]λ3727.09 [< 0.28](1) – [X] –
[Oii]λ3729.88 [< 0.28](1) – [X] –
[Oii]λ4364.44 [< 0.28](1) – [X] –
Hβλ4862.69 [1.06](3.7)(–) [0.71](136) [X] (3.2222)
[Oiii]λ4960.30 [2.76](9.6)(< 23) [1.84](367) [X] 3.2222
[Oiii]λ5008.24 [8.92](31.5)(< 18) [5.95](1209) [X] 3.2222
Lyα 1215.69 [0.85](7.4)(< 40) – [M] 3.223
Note. — Column #1: the observed emission lines and their rest-
frame wavelengths. Column #2: observed fluxes (in units of 10−17erg
s−1 cm−2), S/N and σv (instrument-corrected velocity dispersion in km
s−1) for ID14 extracted from the apertures that include the multiple
images. Flux limits are reported at 1σ. Column #3: Fluxes associated
to the object ID14 (components “1,2”) used to derive flux ratios and in-
trinsic quantities (Fcorr) (see text for details). The rest-frame EW (A˚),
derived adopting the SED-fitted continuum of “1”+“2” (m ' 25.80) is
also reported. The de-lensed fluxes can be obtained by dividing these
values by µ = 40. In column #4 the MUSE and X-Shooter redshifts
are indicated with [M] and [X], respectively (redshifts in parenthesis are
uncertain). The σv of the lines with S/N > 3 are estimated from the
higher resolution X-Shooter spectrum when possible, or from MUSE
otherwise. The Lyα flux calculated within the magenta ellipse (whose
area is 6.7 sq. arcsec) shown in Figure 4 is reported in the last row.
ing that the systematic errors dominate the uncertain-
ties, especially in this complex double-lensed object (see
Meneghetti et al. 2017 for a detailed discussion). There-
fore, the method used in this work significantly decreases
the uncertainties of the amplification factors and conse-
quently limits the error budget on the intrinsic physical
properties discussed in the next section.
3. CHARACTERIZING SYSTEM ID14
The main goal of our investigation is to estimate the
size and the age of our system, as well as to assess the
nature of the radiation field originated by its two close,
compact sources. The gas phase metallicity is also esti-
mated, as well as the dynamical mass, useful to constrain
the baryon content of ID14.
3.1. Sizes of the components “1” and “2”
Galfit fitting (Peng et al. 2010) has been performed
on both components “1,2” of images ID14a,b,c (following
the methodology described in Vanzella et al. 2017b) after
the elliptical galaxies, E1 and E2, have been subtracted
(Figure 1, top-left). All the multiple images are very
nucleated and tangentially elongated along the arc shape
showing an average effective radius < Re >= 1.5 ± 0.3
pix and an axis ratio (q = b/a) < q >= 0.3 ± 0.2 (an
example of Galfit modeling is shown in Figure 3). The
circularized radius Rc (= Re × q0.5) is 0.8 pix (1 pix =
0.03′′) corresponding to a de-lensed size of ' 30 pc at
z=3.222, adopting µ = 40, (or sizes lower than 50 pc if
we increase Re to 2 pix and decrease µ to 30). The two
components “1,2” are separated by 300 pc on the source
plane.
Resolving parsec-scale star-forming regions at z=3.22 5
Fig. 4.— Panoramic view of the MUSE spectra. Top panels: the zoomed region centered on ID14a,b,c,d,e is shown (6.8′′ wide). From
left to right we show the MUSE images at the Lyα (panel A), at 1548 A˚ (panel B), in the HST/F814W band (panel C), and the gray-coded
magnification map (panel D), in which the yellow contours enclose the region with µ > 25. The arc-shaped black line marks the aperture
used to extract the MUSE spectrum as the sum of images ID14a,b,c. The black dashed circle identifies the image ID14e and the magenta
ellipse the diffuse Lyα emission at the same redshift as ID14 on top of the critical line of the galaxy cluster. Panel (B) shows the rectangular
red aperture with the same width and position angle of the X-Shooter slit (also shown in panel C, top-right, with black dotted thin lines).
The orange dotted circle in panel C marks the position of a possible counterpart of the diffuse Lyα emission (magenta ellipse). The blue
circle (1.2′′ diameter) marks the aperture used to derive the spectrum for image ID14a only. Panel (E), shows the MUSE spectrum of
ID14a,b,c (black line) extracted using the arc-shaped aperture. The continuum of the elliptical galaxies E1+E2 has been subtracted (white
thick line) and the high ionization lines are shown in the corresponding insets. The colors of the spectra in the insets corresponds to the
colors of the apertures shown in panel B. The flux scale of all images is F (λ) [10−18 erg s−1 cm−2 A˚−1].
Additional details on the observed multiple images are
highlighted in Figure 3 (see ID14c), but we will not dis-
cuss them further in this work. We stress that these ad-
ditional features are at least two magnitudes fainter than
the main components (or constitute sub-structures of the
components themselves) and, given the large magnifica-
tion, they would have a de-lensed ultraviolet magnitude
fainter than 31 and de-lensed sizes possibly consistent
with forming star-clusters on parsec-scale. These addi-
tional features might also be the result of the extremely
large magnification gradient characterizing this field.
3.2. Spectral features
The 2h VLT/MUSE (ID 094.A-0115B, PI: J. Richard)
and 2h VLT/X-Shooter (ID 098.A-0665B, PI: E.
Vanzella) spectra of images ID14 are shown in Figures 4
and 5, obtained with good seeing conditions, 0.7′′ and
0.5′′, respectively. The apertures over which the spectra
have been extracted are also shown in the same figure.
Data reduction for X-Shooter and MUSE have been per-
formed as described in Vanzella et al. (2016a) and Cam-
inha et al. (2016c), respectively.
The most prominent line in the MUSE spectrum is
the Civλ1548 component of the Civ doublet. We use
this line to measure the redshift of the multiple images
contained in the data-cube (only ID14f is not included
in the MUSE field of view). A continuum-subtracted
data-cube has been computed by averaging the signal
in a central window of 3 spectral elements (one element
corresponds to 1.25A˚) and subtracting the average signal
from two adjacent windows of 10 spectral elements each
(see also Vanzella et al. 2017a). Figure 6 (left panel)
shows the result. The Civλ1548 line is detected for all
images ID14a,b,c,d,e with S/N> 5.
Thanks to lensing magnification, the photometric
properties and sizes of components “1” and “2” can be
studied individually. On the other hand, the ultravi-
olet and optical spectra are seeing-limited and contain
the contribution of both components. It is worth not-
ing that the Civ emission (especially for ID14a) shows
an elongated shape that follows the spatial orientation of
components “1,2”. This suggests that both components
contribute to the line emission and in general to the ul-
traviolet metal lines. Possibly, MUSE equipped with the
adaptive optics module may allow these spectral features
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to be spatially resolved.
We exploited the MUSE data-cube by choosing a free-
form aperture encompassing the three images ID14a,b,c
(increasing the S/N); on the other hand, the X-Shooter
slit captures the image ID14b and one component (“1”)
of the image ID14c (being the component “2” less mag-
nified, see Figure 5, top left). Line fluxes, signal-to-
noise, velocity dispersions, rest-frame equivalent widths
(EW) and redshifts are reported in Table 1. High ion-
ization lines Civλ1548, 1550, Heiiλ1640, Oiii]λ1661, 1666
and Ciii]λλ1907, 1909 have been detected with S/N ra-
tios ranging between 2 and 20 and the X-Shooter lines,
Hβ, [O iii]λλ4959, 5007, with S/N=4− 31. High ioniza-
tion lines have also been confirmed with X-Shooter (with
R = 7400), though only Civλ1548 and Oiii]λ1666 have
S/N& 3 (see Figure 5). Remarkably, no Lyα emission
has been detected (S/N < 3) in the same spatial region
where both the metal lines and stellar continuum arise.
We discuss this in Sect. 4.3. The observed line fluxes
derived from the aforementioned apertures are reported
in the column #2 of Table 1. Since they include differ-
ent portions of the multiple images, we rescaled properly
the fluxes in column #2 to obtain the values associated
to the single object ID14 (“1,2”). The corrected fluxes
are reported in column #3, Fcorr, obtained by dividing
the measured fluxes reported in column #2 by 2.5 and
1.5 in the case of MUSE and X-Shooter observations, re-
spectively. The two rescaling factors have been derived
from specific apertures defined in the MUSE data-cube:
a circular aperture centered on ID14a and a rectangu-
lar aperture mimicking the X-Shooter slit (see Figure 4,
panel B). The equivalent widths of the lines have been
derived using Fcorr and the inferred continuum magni-
tude from the SED-fitting of both components “1,2” (see
Sect. 3.3). Typical errors mainly reflect the uncertainty
in the line flux, as the underlying images are well detected
in the deep HFF images. Conservatively, even including
the possible systematic errors (due to the subtraction of
E1+E2) the final error on the EWs is not larger than
50%.
Beside the presence of ultraviolet metal lines, also
the prominent [O iii]λλ4959, 5007 line emission, the
ratios [O iii]λλ4959, 5007/[Oii]λ3727, 3729 > 15 and
[O iii]λλ4959, 5007/ Hβ > 10 suggest a highly ionized
medium and a possibly large Lyα escape fraction (Erb
et al. 2016; Henry et al. 2015). Despite that, the Lyα
emission in ID14 is deficient (see Sect. 4), independently
from the adopted aperture shape.
3.3. Physical Properties
SED fitting has been performed using BC03 templates
(Bruzual & Charlot 2003) on each component “1,2”,
for images ID14a,b and the component “1” of ID14c
(see Castellano et al. 2016b) after subtracting the el-
liptical galaxies E1+E2 in all the HST images and us-
ing the T-PHOT v2.0 algorithm, Merlin et al. (2016)
(see Sect. 2). The subtraction of E1+E2, however, may
introduce not negligible color trends, especially in the
near-infrared bands. Such residuals may introduce sys-
tematics in the inferred physical quantities. In order to
add constraints to our photometric analysis, we also esti-
mate the dynamical mass and the gas phase metallicity.
The inferred dynamical mass from the σv([Oiii]λ5007)
. 20 km s−1 velocity dispersion is Mdyn < 2× 107 M,
Table 2. Properties of Images ID14a and ID14f.
ID14a(1) ID14a(2) ID14f(1+2)
Mstellar [10
6M] 2.5− 9.8 2.0− 7.6 −
SFR [M yr−1] 0.10− 0.15 0.10− 0.17 −
Age [Myr] 16− 100 13− 80 −
E(B-V) ' 0.06 ' 0.06 −
Rc (UV) [pc] 30± 11 30± 11 −
mUV (obs) 26.52± 0.03 26.61± 0.03 29.09± 0.15
mUV (int) 30.55± 0.19 30.64± 0.19 29.84± 0.16
M(1500A˚)(int) -15.12 -15.03 -15.85
βUV −1.98± 0.20 −1.98± 0.20 −2.0± 0.5
µ 40± 7 41± 7 2.0± 0.1
Note. — De-lensed physical properties are derived from SED-fitting
for the single components “1” and “2” of image ID14a and the combi-
nation “1+2” of ID14f by adopting the measured metallicity (see text).
The 68% central intervals are reported for the stellar mass, star forma-
tion rate and age, and the 1σ errors for the remaining quantities. The
observed (“obs”) and intrinsic (“int”) magnitudes are also reported.
The intrinsic stellar masses and SFRs are obtained dividing by µ the
best fit parameters resulting from the SED fit. It is worth noting that
the values for ID14f include both components “1+2”. The magnifica-
tion µ is also reported and derived as described in the text.
where we assume the [Oiii]λ5007 line width is associ-
ated to both components “1,2” of 30pc radius each (see
discussion in Vanzella et al. 2017b; Rhoads et al. 2014;
Erb et al. 2014). The metallicity is computed from the
high-ionization and optical rest-frame line ratios (Pe´rez-
Montero & Amor´ın 2017; Pilyugin et al. 2006). The elec-
tron temperature Te = 19000 ± 1000K is derived from
the observed Oiii]λ1661, 1666 / [Oiii]λ5007 ratio. our
estimate of Te is not sensitive on the assumed electron
density in the range ne = 10 − 10000 cm−3. We obtain
12+log(O/H) ' 7.7±0.2 that corresponds to about 1/10
solar. We performed the SED-fitting by fixing the metal-
licity to the measured value and considering only those
solutions producing stellar masses not exceeding 10 times
the estimated dynamical mass (the factor ten includes
the uncertainties in the Mdyn estimate). In general, the
inferred quantities agree among the multiple images of
the same component.
In particular we focus on images ID14a.1 and ID14a.2
that are the least contaminated by the elliptical galax-
ies E1+E2. The best-fit yields stellar masses . 107M,
ages . 100 Myr, SFRs'0.1 M yr−1 and E(B-V)<0.1.
Table 2 summarizes the results and Figure 7 shows the
best-fit solutions. It is worth noting the ' 1 magni-
tude excess in the K-band is fully consistent with the
observed [O iii]λλ4959, 5007 flux. In particular the mea-
sured equivalent width of EW([Oiii]λ5007)'1200A˚ rest-
frame, the inferred metallicity, young ages and low stel-
lar mass place this object in the category of the so-called
“Green Pea” (GP) sources, though the stellar mass and
size are in our case an order of magnitude lower than
those typically reported (Cardamone et al. 2009; Amor´ın
et al. 2015, 2017; Henry et al. 2015). In particular, Henry
et al. (2015) selected a sample of 10 Green Pea sources
(z ∼ 0.2) on the basis of high equivalent width optical
emission lines and found strong Lyα emission in all of
them. Remarkably, despite ID14 shows many properties
in common with the GPs sources, the Lyα is deficient
(see next section).
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Fig. 5.— The X-Shooter spectra in the VIS and NIR arms are shown for the relevant emission lines. In panel (A) the two-dimensional
zoomed spectra of the UV metal high-ionization lines are shown (the faint continuum comes from the foreground elliptical galaxy). In panel
(B) the color image of ID14a,b,c,d is shown with the MUSE aperture used to extract the spectra (blue curve) and the orientation and width
(0.9′′) of the X-Shooter slit (white lines). The size of the image is 3′′ on a side. The one and two-dimensional Hβ and [O iii]λλ4959, 5007
lines observed at ' 2µm are shown in panel (C). The left inset shows the two-dimensional spectrum centered at the position of the expected
[Oii]λ3727, 3729 doublet. The right inset is a zoomed image of [Oiii]λ5007, in which ID14b and ID14c are spatially resolved (the arrows
mark their position).
Fig. 6.— The continuum-subtracted data-cube at the Civλ1548
wavelength position is shown on the left panel (6.5′′ wide). The
blue circles mark the multiple images of ID14 detected on the HST
color image, reported in the right panel. In particular, faint line
emissions arise at the position of multiple images ID14d and ID14e.
4. DISCUSSION
4.1. The nature of the ionizing source
ID14 shows similarities with other star-forming sys-
tems identified at z = 3 − 7 (Stark et al. 2015; Vanzella
et al. 2016a; Mainali et al. 2017; Schmidt et al. 2017). We
used the large grid of photoionization models described in
Feltre et al. (2016) and Gutkin et al. (2016) to investigate
the nature of the ionizing source. In all the diagnostic
diagrams, ID14 belongs to the regions powered by star-
formation (e.g., see Figure 8). The main reason for that
is the faintness of the Heiiλ1640 line when compared to
Civλ1548, 1550 and Oiii]λ1661, 1666, that would suggest
a drop of the spectrum at energies just above 4Ry (see
Mainali et al. 2017). From the archival 300 ks Chandra
exposure (Ogrean et al. 2015), we derived 2σ upper limits
on the X-ray flux of 1.6× 10−16 and 8.3× 10−16 erg s−1
cm−2 in the soft (0.5-2 keV) and hard (2-7 keV) band,
respectively, taking into account the strong background
emission due to the intra-cluster gas. At the redshift of
ID14 these limits correspond to luminosities of 1.3×1043
and 6.1 × 1043 erg s−1 in the soft and hard band, re-
spectively. They cannot exclude the possibility that an
absorbed Seyfert-like AGN could be present.
In addition to the above limits and the line ratios, the
fact that components “1,2” are spatially resolved and
show very narrow nebular emission lines further supports
the evidence that the source of ionizing radiation is dom-
inated by stellar emission. This is also reminiscent of re-
cent studies in the local universe (e.g., Smith et al. 2016;
Annibali et al. 2015; Kehrig et al. 2015), where young
super star clusters show narrow high ionization nebu-
lar lines. Although a low-luminosity AGN can not com-
pletely excluded, the presence of sub-structures in ID14
and the aforementioned characteristics support the con-
clusion that the star-formation is likely to be the main
source of ionizing radiation.
4.2. A L=0.004L? super star clusters at z=3.2222
ID14 is made of two main star-forming regions (“1,2”)
of ' 30 pc effective radius each, with de-lensed mag-
nitudes ' 30.6 (L=0.004L?z=3), possibly showing addi-
tional fainter sub-components. The low stellar mass
(< 107M), low metallicity, young ages (. 100 Myr)
and hot stars are also distinctive features of this system.
The double knot morphology of ID14 suggests two su-
per star clusters of several 106 M are present and possi-
bly composed by a mixture of stellar populations. In fact,
the high-ionization (e.g., Heiiλ1640 and Civλ1548, 1550)
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Fig. 7.— Best-fit SED solutions for the components 1 and 2 of the ID14a image. The inferred physical quantities are reported in Table 2.
The greed dashed line is the ultraviolet slope β. The photometric discontinuity at 22000 A˚ corresponds to the K-band and is fully consistent
with the measured flux of the optical emission lines observed with X-Shooter (see text).
lines require a young (. 10 Myr) stellar component,
characterized by blackbody effective temperatures higher
than 50000 K (Steidel et al. 2014; Stark et al. 2015), and
the ages inferred from the SED fitting also support the
presence of an underlying older (. 100 Myr) population.
The inferred specific star formation rate (sSFR) is large
(> 20 Gyr−1), a value comparable to those inferred by
Stark et al. (2014) and Karman et al. (2017) and suggest-
ing the system is still in a starburst phase and rapidly
growing. Conservatively, adopting the lowest stellar mass
(2.5× 106 M) and the largest effective radius (RC = 50
pc) of the 68% intervals derived above, the observed stel-
lar mass density of the star-clusters is relatively large,
> 150Mpc−2 (see also, Vanzella et al. 2017b).
4.3. Deficient Lyα emission in ID14
From the Hβ line flux, an estimate of the theo-
retical Lyα emission can be computed as f(Lyα) =
8.7 × f(Hα) × 101.048×E(B−V ), where we assume a case
B recombination theory, f(Hα)/f(Hβ)=2.7 (Brocklehurst
1971). Adopting E(B-V)=0.0(0.2) (for the nebular emis-
sion), the expected intrinsic Lyα flux is 1.7(2.7) ×
10−16erg s−1, i.e., more than 150 times brighter than
what was observed, and more than 12 times brighter
than Civλ1548, 1550. Despite of that, the observed ratio
(Civλ1548, 1550/ Lyα) is & 15. Therefore, Lyα emis-
sion is strongly deficient. A conversion of the intrinsic
Lyα emission into absorption can in principle be achieved
by dust suppression of Lyα photons, by geometrical ef-
fects leading to the scattering of Lyα photons out of
the line of sight, or by a combination of both. Simi-
lar physical conditions observed in local low-metallicity
star-forming dwarf galaxies might help to better under-
stand the nature of ID14 (though at different scales). For
example, the low-metallicity star-forming dwarf galaxy
IZw 18 shows Lyα absorption, despite its low metallicity
and young age. Also, galaxies of the LARS sample (or:
local, Hα selected galaxies) with low velocity dispersion
show a reduced Lyα escape (Herenz et al. 2016). A large
number of scatterings in static, high column density gas
can lead to an efficient suppression of Lyα photons by
even small amounts of dust. The Lyα absorption could
also be caused by diffusion of the photons out of the ob-
server direction (not by dust destruction). As a result,
Lyα absorption can be observed also in dust-free galaxies
(see, Atek et al. 2009). Verhamme et al. (2012) show
directional variation in the Lyα escape from a simulated
disk galaxy (see also Zheng & Wallace 2014). This direc-
tional variation is reduced significantly in the presence
of outflows (e.g., Duval et al. 2016) and/or for non-disk
geometries including modified shell models (Behrens et
al. 2014) and/or clumpy ISM models (Gronke & Dijkstra
2014), where the Lyα escape fraction varies by only a fac-
tor of order unity and thus do not provide the variations
required to explain the observed flux ratio. However, the
theoretical studies have considered systems with ∼kpc
extents, and ignored observational aperture effects. The
anisotropic escape of Lyα is strongest if the source is
“shielded” by a gas cloud of similar or bigger size than the
emitting region (in this case few tens parsec), and weak-
ened by photons scattering back into the line-of-sight.
Therefore, having a very compact source as in this work
is likely to enhance the directional variations, but further
studies are needed to explore this possibility. Observa-
tional aperture effects are not an issue in the present case,
given the wide MUSE FoV. The strong lensing effect can
in principle modulate the spatial appearance of the Lyα
emission, however in the present case no Lyα emission
is observed on top of the stellar ultraviolet continuum of
images ID14a,b and ID14c. Plausibly, ID14 would ap-
pear as a Lyα-emitter if observed from a different view-
angle and would require a variation of the Lyα intensity
of two orders of magnitudes. A possibility is that even a
small amount of dust extinction in a region enshrouded
by neutral gas (or a partially neutral IGM) may explain
the strong depression of the Lyα line. It is also worth
noting that the Civλ1548, 1550 position measured with
X-Shooter does not show clear signatures of outflowing
gas (at velocities > 50km s−1, see also Vanzella et al.
2016a), further supporting an efficient Lyα attenuation.
4.4. A spatially offset ultra-faint Lyα emission
As discussed in the previous section, ID14 is a system
with prominent high-ionization lines with energetic pho-
tons reaching at least 4 Ry. The deficiency of the Lyα
emission at the spatial position where the metal lines and
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Fig. 8.— A diagnostic diagram separating AGN and star-forming
powered sources with superimposed object ID14 and a similar ob-
ject described in Vanzella et al. (2016a). Predictions are from pho-
toionization models of Feltre et al. (2016) (AGNs, gray filled circles)
and Gutkin et al. (2016). Star-forming galaxies are color-coded ac-
cording to their gas phase metallicity, Zgas, as defined in Gutkin
et al. (2016).
the stellar continuum arise suggests an efficient attenua-
tion by dust and/or gas. However, such process could be
not so efficient in other directions. In the case of a non-
uniform covering factor of the neutral gas we may expect
to recover the diffused Lyα photons in other directions
and/or observe spatially-offset fluorescent Lyα emission
(Furlanetto et al. 2005; Weidinger et al. 2005). Indeed,
we detected an offset and spatially-extended Lyα emis-
sion (S/N=7.4) at the same redshift as ID14 (separated
by ' 2.1 kpc) that may corroborate this possibility. The
observed Lyα emission lies across the critical line pro-
duced by the galaxy cluster at the given redshift. The
position of the critical line (the highest magnification)
is strongly supported by the confirmed images of ID14,
“image1” and “image2” (Figure 1, panel B). This also
means the Lyα is strongly magnified and consequently
highly spatially distorted (see Figure 4, magenta ellipse).
The observed emitting region (6.7 arcsec2) corresponds
to de-lensed 7.6 kpc2 and a de-lensed integrated flux of
1.7 × 10−19erg s−1 cm−2 if we adopt a median magnifi-
cation µ = 50 (calculated within the same region). How-
ever the real physical size and shape of the emission is af-
fected by large uncertainties, especially where the magni-
fications formally diverge. This spatially offset Lyα sug-
gests the possible presence of a neutral gas cloud at a dis-
tance of 2.1 kpc from ID14, reached by the ionizing pho-
tons escaped from the system, where they can produce
Lyα fluorescence (Mas-Ribas & Dijkstra 2016; Behrens et
al. 2014). The emerging spectral line profile apparently
symmetric and narrow (< 40km s−1) would also support
the fluorescence scenario. It is worth noting that ID14
shows optical Oxygen line equivalent widths and ratios
similar to the ones of the Lyman continuum emitter dis-
covered at z=3.2, named Ion2 (with confirmed > 50%
escaping ionizing radiation, see de Barros et al. 2016;
Vanzella et al. 2016b)21 and some local extreme Green
Peas sources (also Lyman continuum leakers, Izotov et
al. 2016; Schaerer et al. 2016). A possible link between
the large O32 index and the optically thin interstellar
medium to ionizing radiation was explored with photo-
ionization models by Jaskot & Oey (2013). The large
value observed here (O32 > 10) may indicate a density-
bounded condition (due to a deficient [Oii]λ3727, 3729,
Nakajima & Ouchi 2014). This could be the case along
some directions (not necessarily along the line of sight),
in which the opacity to ionizing photons is low. Interest-
ingly, similar transverse cavities possibly optically thin
in the Lyman continuum have been observed in the local
super star clusters, where expanding shells of gas (super-
bubbles) and blow-out regions can be produced by sub-
stantial mechanical feedback generated by massive super
star clusters (e.g., Mrk71, James et al. 2016; Micheva et
al. 2017).
In this scenario, the spatially offset fluorescent Lyα
nebula might reside into an elongated cavity directly con-
necting it with ID14. We would also expect a large es-
cape fraction of Lyα photons along the same transverse
direction (Behrens et al. 2014).
Alternatively, such Lyα emission might be produced by
additional faint/undetected sources. We identified a faint
object behind the diffuse Lyα emission (see the orange-
dashed circle in Figure 4, panel C), detected in the HST
bands with an average observed magnitude of ' 30. The
faintness of the object prevents us from deriving any re-
liable photometric redshift or physical properties. We
only note from Figure 9 an apparent drop in the F435W
and F606W bands when compared to the other redder
bands. If this object (or another undetected source) is
responsible for the entire Lyα diffuse emission, then its
de-lensed magnitude would be & 34 (µ & 50) with an
EW(Lyα)>450A˚ rest-frame (where the magnification is
the median value calculated within 1′′ × 1′′ centered on
the object, orange circle in Figure 9). This would corre-
spond to an absolute magnitude of MUV = −11 and the
very large Lyα equivalent width would imply the pres-
ence of unusual stellar populations (e.g., Schaerer 2003;
Dijkstra & Wyithe 2007). Since the redshift of this ob-
ject is unconstrained and/or we don’t know if other un-
detected sources were present, more specific analysis will
need deeper imaging with future instrumentation such as
JWST or ELT.
5. CONCLUSIONS
We presented a strongly lensed pair of super star-
clusters at z = 3.2222 separated by ∼ 300pc, with mag-
nitudes m ' 30.6 and effective radius of 30pc each.
Both show high-ionization lines like Civλ1548, 1550,
Heiiλ1640, Oiii]λ1661, 1666 and Ciii]λλ1907, 1909 with
S/N ratios ranging between 2 and 20 and Hβ,
[O iii]λλ4959, 5007 optical lines with S/N=4 − 31, all
of them showing narrow velocity dispersions, σv < 50km
s−1 (derived from MUSE) or σv . 20km s−1 (derived
from X-Shooter). The presence of high-ionization lines
(like Heiiλ1640) and the physical properties inferred from
21 Though more massive (< 109M) and larger (' 300pc effec-
tive radius), Ion2 shows an equivalent width of the [Oiii]λ5007 line
> 1000A˚ rest-frame and a large O32 index (> 10); where the O32
index is ([O iii]λλ4959, 5007) / ([Oii]λ3727, 3729).
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Fig. 9.— HST/ACS and WFC3 cutouts (1.5′′ wide) centered on the diffuse Lyα emission marked with the magenta ellipse. The dashed-
orange circle marks the position of the faint m ∼ 30 (or m > 34 de-lensed) underlying object if placed at the same redshift of the Lyα
emission.
the observed colors (SED-fitting) suggest young stars are
present (< 10 Myr), as well as a relatively evolved stellar
component (< 100 Myr). A moderate dust attenuation
(E(B-V) ' 0.06) is also consistent with the observed col-
ors. The inferred stellar masses are of a few 106 M with
a metallicity 1/10 solar.
The main results can be summarized as follow:
1. Despite the fact that the above properties are often
observed in Lyα emitting galaxies such as Green
Peas, (e.g., Henry et al. 2015), ID14 does not show
any Lyα emission aligned with the detected stellar
continuum and ultraviolet metal lines, in all the
observed multiple images ID14a,b,c. In particular
the ratio Civλ1548, 1550 / Lyα & 15 is uncommon,
and it is the first case confirmed at high redshfit
and very low-luminosity regimes as discussed here.
A relatively low velocity outflow, the presence of a
screen of neutral gas and the presence of an (even
moderate) amount of dust are all ingredients that
may explain the Lyα attenuation.
2. A spatially offset and strongly magnified Lyα emis-
sion is detected at ∼ 2kpc transverse from ID14.
There are two possible explanations: (A) an in-
duced fluorescence in a nearby neutral gas cloud
through a local and transverse escape of ionizing
radiation from ID14 (this would also imply a trans-
verse escape of Lyα photons along the same route,
see, e.g., Behrens et al. 2014) and/or (B) an in-situ
star formation activity of an object barely (or not)
detected in the deep HST images, with de-lensed
MUV ' −11 (m > 34) and EW(Lyα)> 450A˚ rest-
frame, the latter, however, would imply unusual
stellar populations (e.g., Cantalupo et al. 2012; Di-
jkstra & Wyithe 2007).
The double lens effect (see Sect. 2), in which the ob-
served flux ratios among the multiple images allow us
to derive a relatively small error in a high magnification
regime, µ = 40 ± 7, offers the opportunity to anticipate
the expected future ELT capabilities in terms of the spa-
tial resolution and magnitudes in the not lensed fields
(see also, Christensen et al. 2012; Vanzella et al. 2016a).
In particular, besides the detected pair of super star clus-
ters (components “1,2”), additional sub-structures have
been identified possibly representing single Hii regions
and/or candidate proto-globular clusters (Vanzella et al.
2017b). More investigation is needed to fully characterize
these systems. The spatial resolution (3-7 mas) achiev-
able with the ELT instrumentation in conjunction with
strong lensing (as in this case) will offer the opportunity
to spatially resolve details of 1-2 pc at z > 3. It is also
worth reporting what integration time would be needed
with MUSE to achieve the same S/N ratios of UV metal
lines for a ID14-like not lensed object. The most promi-
nent among them is the Civλ1548 with de-lensed flux of
2.2×10−19 erg s−1 cm−2 that would require ' 7200 hours
integration time to reproduce the same S/N=17 reported
here (or 240 hours for a S/N=3, with typical observing
conditions). Again, the optical spectrum reported in this
work offer a first glance on the future ELT-like spectra of
similar objects in the non-lensed fields, attainable with
several hours integration time.
Finally, we demonstrated (at least for this faint sys-
tem) that the Lyα / Civ ratio often reported in litera-
ture (e.g., Stark et al. 2014, 2015; Mainali et al. 2017) or
any line ratio that includes the Lyα flux (e.g., Figure 7
in Shibuya et al. 2017) can be affected by large line-of-
sight variation of the Lyα visibility also in low-luminosity
regimes, therefore weakening its use as a diagnostic fea-
ture (e.g., Smit et al. 2017).
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